Rec'^CT/FTO 14 OCT 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
Internationa] Bureau 

(43) International Publication Date 
30 October 2003 (30.10.2003) 




PCT 



mi mi mi in i iii iii inn ii iii 

(10) International Publication Number 

WO 03/089160 Al 



(51) International Patent Classification 7 : B21B 27/08, 
B22D11/128, F27D 3/02 

(21) International Application Number: PCT/GB03/01641 

(22) International Filing Date: 16 April 2003 (16.04.2003) 

(25) Filing Language: English 

(26) Publication Language: English- 



(74) Agent: DAVIES, Gregory, Mark; Urquhart-Dykcs & 
Lord, Alexandra House, 1 Alexandra Road, Swansea SA1 
5ED (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 



(30) Priority Data: 

0208639.5 



(71) Applicant (for all designated States except US): 
BARTLETT ENGINEERING (SOUTH WALES) 
LIMITED [GB/GB]; Llewellyns Quay, Port Talbot 
Docks, Port Talbot SA13 1RF (GB). 



16 April 2002 (16.04.2002) GB *' (84) Designated States (regional): ARIPO patent (GH, GM, 

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): BARTLETT, 
Michael, Charles, Richard [GB/GB]; Old Castle Farm, 
Fairyland Road, Tonna, Neath SA11 3QB (GB). COR- 
CORAN, Steven, Phillip [GB/GB]; 22 Great Close, 
Crowood, Yorkshire Y08 3UG (GB). 



Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: ARRANGEMENT FOR COOLING A ROLL 



24 




00 



3 10B 



(57) Abstract: The present invention discloses an arrangement for cooling a roll (5). The arrangement comprises a housing (2) to 
2 De secured to the roll (5), a hollow shaft (8) mounted for rotational movement within the housing (2) and a cooling medium line to 
convey cooling medium into the roll (5) via the interior of the shaft (8). The cooling medium line comprising an inlet communicating 
with an elbow portion, a first length (27) of the elbow portion (20) extending from the inlet substantially perpendicular to the axis of 
the shaft and a second length (26) of the elbow portion extending from the first length in the direction of the axis of the shaft (8), the 
^ axes of the first and second lengths being in substantially the same] plane. 
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Arrangement for Cooling a Roll 



The present invention relates to an arrangement for cooling a roll. 

A roll is typically used to produce steel sheets and the like through rolling of a block of steel. 
The roll needs to be continuously cooled typically by water or other such cooling liquid 
flowing along a liquid flowpath between an inlet and an outlet. The liquid flowpath passes 



The cooling liquid inlet and outlet is typically provided by one or more rotational union 
couplings. Known rotational union couplings comprise a hollow shaft that connects to one or 
more pipes which transport cooling liquid into or out of the shaft. A housing mounted for 
rotation about the shaft, is secured to the roll such that the housing rotates as the roll rotates 
whilst the shaft remains substantially stationary. 

In a single flow system, two couplings are connected to the roll. Water or other cooling liquid 
passes from a pipe into the shaft of one of the couplings and is transported via a delivery line 
around the internal workings of the roll to the shaft of the other coupling and out of a pipe 
connected to this shaft. 

In a dual flow system, water or other cooling liquid is conveyed into and out of the roll via 
the shaft of a single coupling connected to the roll. The shaft of a dual flow system coupling 
has two separate liquid flowpaths therethrough and connection means for both an inlet pipe 
and an outlet pipe. One of the flowpaths is typically provided by a tube in the interior of the 
shaft connected to the shaft inlet or outlet, the other flowpath being provided between the 
external surface of the tube and the internal wall of the shaft. 

In both single and dual flow systems, the water or other cooling liquid must be conveyed into 
a coupling around the roll and out of a coupling at a certain pressure for the system to cool the 
roll efficiently. 

An improved arrangement for cooling a roll has how been devised. 



within the roll and heat is transferred to the liquid thus cooling the roll. 
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According to the present invention, there is provided an arrangement for cooling a roll, the 
arrangement comprising a housing to be secured to the roll, a hollow shaft mounted for 
rotational movement within the housing and a cooling medium line to convey cooling medium 
into the roll via the interior of the shaft; the cooling medium line comprising an inlet or outlet 
communicating with an elbow portion, a first length of the elbow portion extending from the 
inlet or outlet substantially perpendicular to the axis of the shaft and a second length of the 
elbow portion extending from the first length in the direction of the axis of the shaft, the axes 
of the first and second lengths being in substantially the same plane. 

Preferably the cooling medium line comprises an inlet communicating with the elbow portion. 

In a further embodiment of the present invention, there is provided: 

(i) a first cooling medium line to convey cooling medium into the roll via the 
interior of the shaft, the first cooling medium line comprising an inlet 
communicating with a first elbow portion, a first length of the first elbow 
portion extending from the inlet substantially perpendicular to the axis of the 
shaft and a second length of the first elbow portion extending from the first 
length in the direction of the axis of the shaft, the axes of the first and second 
lengths being in substantially the same plane; and 

(ii) a second cooling medium line to convey cooling medium out of the roll via the 
interior of the shaft, the second cooling medium line comprising an outlet 
communicating with a second elbow portion, a first length of the second elbow 
portion extending from the outlet substantially perpendicular to the axis of the 
shaft and a second length of the second elbow portion extending from the first 
length in the direction of the axis of the shaft, the axes of the first and second 
lengths being in substantially the same plane. 

The elbow portion conveys cooling medium into and/or out of the arrangement of the present 
invention via only one right angled turn in a single plane, thus providing little resistance to the 
flow of cooling medium through the elbow portion. This reduces the pressure drop of the 
cooling medium through the arrangement of the present invention. 
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The cooling medium line is preferably substantially cylindrical and the internal wall of the 
elbow portion preferably has a bend radius between the first length and the second length. The 
inner radius of the bend radius is suitably more acute that the outer radius. 

5 The substantially cylindrical cooling medium line and the bend radius of the elbow portion 
provide little resistance to the flow of cooling medium. This further reduces the pressure drop 
of the cooling medium through the arrangement of the present invention. 

The elbow portion preferably includes mounting means for mounting the elbow portion to the 
10 shaft. The mounting means is suitably an annular flange provided on the external surface of 
the first length of the elbow portion, the annular flange being adjacent the external wall of the 
shaft. The annular flange may be fixed by welding or the like to the external wall of the shaft 
providing a substantially liquid tight seal In this arrangement part of the first length of the 
elbow portion is positioned externally of the shaft. 

15 

The first length of the elbow portion extending from the inlet/outlet is preferably provided with 
external connection means and/or internal connection means for connecting a pipe for 
conveying cooling medium, the connection means typically comprising a threaded connection 
that engages a correspondingly threaded pipe connector. It is a preferred feature of the present 
20 invention that both external and internal connection means are provided, so that two different 
types of pipe connectors can be connected to the elbow portion. 

The second length of the elbow portion is preferably provided with external connection means 
and/or internal connection means for connecting a conduit that conveys cooling medium into 
25 the roll. Preferably both internal and external connection means are provided so that two 
different radial sizes of conduit can be connected to the elbow portion. The connection means 
of the second length of the elbow portion preferably comprises one or more elongate ridges 
in the direction of the axis of the shaft on the internal and/or external surface of the second 
length of the elbow portion. 

30 

The ridges provide secure engagement of the conduit and act as flow straighteners to straighten 
the flow of cooling medium through the elbow portion and/or between the elbow portion and 
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the hollow shaft. The ridges also provide little resistance to the flow of cooling medium. This 
further reduces the pressure drop of the cooling medium through the arrangement of the 
present invention. 

The proximal end of the hollow shaft adjacent the roll when the housing is secured to the roll 
is open to allow cooling medium to pass into and/or out of the roll. The opposed distal end 
of the shaft is preferably sealed. The proximal end of the shaft preferably has an annular 
flange against which the housing abuts. A spacer may be provided between the housing and 
the annular flange of the shaft so that the positioning of the housing on the shaft can be 
adjusted to reduce wear. 

In a particularly preferred embodiment of the present invention, there is provided a delivery 
flow path that delivers cooling medium into the roll via the interior of the shaft and a return 
flow path for outflow of cooling medium via the interior of the shaft. The delivery flow path . 
preferably comprises an inlet communicating with the elbow portion and a conduit connected 
to the second length of the elbow portion that delivers cooling medium into the roll, whereby 
'at least part of the conduit is positioned in the interior of the hollow shaft along the axis of the 
shaft; and the return flow path conveys cooling medium between the outer surface of the 
conduit and the internal wall of the shaft to an outlet. 

The conduit is preferably substantially cylindrical to provide little resistance to the flow of 
cooling medium. This further reduces the pressure drop of the cooling medium through the 
arrangement of the present invention. 

A channel in the shaft communicating with the outlet is preferably provided, a first length of 
the channel extending from the outlet substantially perpendicular to the axis of the shaft and 
a second length of the channel extending from the first length in the direction of the axis of 
the shaft, the axes of the first and seconds lengths of the channel being in substantially the 
same plane. 

The channel conveys cooling medium out of the arrangement of the present invention via only 
one right angled turn in a single plane, thus providing little resistance to the flow of cooling 
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medium through the elbow portion. This further reduces the pressure drop of the cooling 
medium through the arrangement of the present invention. 

The internal wall of the hollow shaft preferably tapers towards the second length of the 
5 channel to funnel cooling medium into the channel. 

The walls of the channel are preferably substantially rounded to provide little resistance to the 
flow of cooling medium through the elbow portion. This further reduces the pressure drop of 
the cooling medium through the arrangement of the present invention. 

10 

The first length of the channel is preferably internally threaded to engage a pipe connector for 
connecting a pipe to convey cooling medium out of the arrangement of the present invention. 

The inlet is suitably positioned further away from the distal end of the shaft than the outlet 
15 which is preferably adjacent the sealed distal end of the shaft. 

The hollow shaft of the present invention is preferably provided with pressure release means 
for releasing internal pressure in the shaft when the internal pressure substantially exceed a 
threshold pressure level. By providing the shaft with a pressure release means, pressure can 
20 be released from the arrangement when it exceeds a certain internal pressure threshold level 
to prevent the whole arrangement of the present invention or the roll from bursting which 
would be much more costly to replace than simply replacing the shaft if necessary. 

The pressure release means is preferably provided by a portion of the shaft having a thinner 
25 wall than the wall of remainder of the shaft, the thinner walled portion ideally ruptures when 
the internal pressure exceeds a threshold pressure level. Whilst this will destroy the integrity 
of the shaft allowing cooling medium to leak out of the shaft, as only a small portion of the 
shaft ruptures enough cooling medium is still conveyed to the roll via the interior of the shaft 
to provide some cooling of the roll until the shaft can be replaced. The thinner walled portion 
30 of the shaft is preferably provided by a bore in the wall of the shaft. The bore is preferably 
positioned adjacent the second aperture providing a thin walled portion between the bore and 
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the channel extending from the second aperture and also a thin walled portion between the 
bore and the internal hollow of the shaft so that there are two possible points of rupture. 

According to a further aspect of the present invention, there is provided an arrangement for 
cooling a roll, the arrangement comprising a housing to be secured to the roll, a hollow shaft 
mounted for rotational movement within the housing and a cooling medium line to convey 
cooling medium into the roll via the interior of the shaft, wherein the shaft is provided with 
pressure release means for releasing internal pressure in the shaft when the internal pressure 
substantially exceeds a threshold pressure level. 

The preferred features of the pressure release means are substantially as hereinbefore 
described. 

The invention will now be described by way of example only and with reference to the 
accompanying drawings in which: 

Figure 1 shows a sectional view of the arrangement of the present invention in use for 
cooling a roll; L 

Figure 2A shows a side view of the elbow portion of Figure 1; 

Figure 2B shows a perspective view of the elbow portion of Figure 1; and 

Figure 3 shows a perspective view of the arrangement of Figure 1. 

Referring to the drawings and in particular to Figure 1, there is provided a coupling 1 
comprising a cylindrical housing 2 mounted for rotation about a cylindrical hollow shaft 8. A 
continuous casting roll 5 is supported for rotation by a bearing plate 6 (continuous casting roll 
5 and bearing plate 6 are well known in the art and are not described fully herein). Housing 
2 has a flange 3 at one end which is designed to be secured to bearing plate 6 (and hence 
continuous casting roll 5) by bolts passing through flange apertures 3 A, whereby housing 2 
rotates with the continuous casting roll 5. The rest of housing 2 extending from flange 3 fits 
inside the continuous casting roll 5 and seal ring 7 provides a substantially liquid tight seal 
between housing 2 and roll 5 . 
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Cylindrical hollow shaft 8 is sealed at one end 8D. The open end of the shaft has an integral 
annular flange 8C. Housing 2 fits snugly over a first part 8A of shaft 8 whilst allowing 
rotation of housing 2 about shaft 8. One end of the housing 2, opposed to the end with flange 
3, abuts a spacer 13 which in turn abuts annular flange 8C of shaft 8. The position of the 
housing 2 on shaft 8A can be adjusted by removing spacer 13 thus reducing wear. A second 
part 8B of shaft 8 which includes sealed end 8D, projects out of housing 2 away from flange 
3. 

The annular flange 8C on one side of housing 2 and a spring washer 12 A, circlip thrust 12B 
and circlip 12C on the opposed side of housing 2 prevents lateral movement of housing 2 
relative to shaft 8. Quad seals 10A and 10B provide a substantially liquid tight seal between 
the shaft 8A and housing 2 and a bearingl 1 supports the housing 2 for rotation about shaft 8. 

Shaft 8 has a first aperture in which an elbow portion 20 is mounted and a second aperture 14 
adjacent sealed end 8D. A channel 4 (shown in Figure 3) which is perpendicular to the axis 
of shaft 8, extends from second aperture 14 into the hollow interior of shaft 8. Channel 4 may 
be internally threaded to engage a correspondingly threaded pipe connector. The internal wall 
of the hollow shaft 8 is tapered 9 towards channel 4 so that channel 4 joins a narrow hollow 
portion of shaft 8 which opens out into the wider hollow interior of shaft 8. 

Elbow portion 20 comprises a first length 27 and a second length 26 perpendicular to the first 
length. A channel 25 extends through both the first and second lengths 27,26. First length 27 
is perpendicular to the axis of shaft 8 and second length 26 is in the direction of the axis of 
shaft 8. The axes of first and second lengths 27,26 are in the same plane. 

Elbow portion 20 has an annular flange 22 provided on the external surface of first length 27, 
the annular flange 22 being adjacent the external wall of shaft 8. Annular flange 22 may be 
fixed by welding or the like to the external wall of shaft 8 providing a substantially liquid tight 
seal. An annular wall 21 of first length 27 is positioned externally of shaft 8. Annular wall 21 
may be internal and/or externally threaded to engage a correspondingly threaded pipe 
connector. 
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The second length 26 of elbow portion 20 is provided with two elongate ridges 30 in the 
direction of the axis of the shaft on the external surface of second length 26 and two elongate 
ridges 31 in the direction of the axis of the shaft on the internal surface of second length 26 
(shown in Figures 2A and 2B). Ridges 30,31 provide secure engagement of two different 
radial sizes of conduit whilst providing minimal resistance to the flow of cooling medium 
through the interior of elbow portion 20 and shaft 8, The ridges 30,31 also act as flow 
straighteners to straighten the flow of cooling medium through the interior of elbow portion 
20 and to straighten the flow of cooling medium between the elbow portion and the interior 
wall of shaft 8. A conduit 24 engaged with ridges 30 on the external surface of second length 
26 is shown in Figure 1. Conduit 24 extends into roll 5 to convey cooling medium into roll 
5. 

A bore 17 is provided in the external wall of shaft 8 adjacent second aperture 14. A thin 
walled portion of shaft 8 is thus provided between the bore 17 and the tapered internal wall 
9 of shaft 8 (as shown in Figure 1). A further thin walled portion of shaft 8 (not shown) is 
provided between bore 17 and channel 4. These thin walled portions will rupture if the 
internal pressure inside shaft 8 exceeds a certain threshold level. Whilst this will destroy the 
integrity of shaft 8 allowing cooling medium to leak out of shaft 8, as only a small portion of 
shaft 8 ruptures enough cooling medium is still conveyed to roll 5 via the interior of shaft 8 
to provide some cooling of roll 5 until the shaft 8 can be replaced. 

In use, coupling 1 is mounted at the end of continuous casting roll 5 to provide a dual flow 
system. Water or other cooling medium flows into the interior of shaft 8 via elbow portion 
20, and along conduit 24 into roll 5. Heat from roll 5 is transfer to the water which then flows 
back between the external surface of conduit 24 and the internal surface of shaft 8 and out 
through channel 4 and aperture 14. It will be appreciated that the flow path in this 
arrangement only passes through two right angles turns in a single plane (one turn through 
elbow portion 20 and one turn through channel 4), thus providing little resistance to the flow 
of cooling medium. This reduces the pressure drop of the cooling medium through the 
arrangement of the present invention. 
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It will be appreciated that because annular wall 21 of elbow portion 20 can receive two 
different sizes of pipe connectors and second length 26 of elbow portion 20 can receive two 
different radial sizes of conduits 24, the arrangement of the present invention can fit different 
sizes of pipes and conduits used in industry. 

Coupling 1 may take a form different to that specifically described above and may be made 
of any suitable material. 

The arrangement of the invention may be used with known driven and non-driven rolls. The 
diameter and/or length of a continuous casting roll will not affect the performance of the 
arrangement. 

Further modification will be apparent to those skilled in the art without departing from the 
scope of the present invention. 
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Claims : 



5 

10 

2. 

15 3. 

20 

25 



An arrangement for cooling a roll, the arrangement comprising a housing to be secured 
to the roll, a hollow shaft mounted for rotational movement within the housing and a 
cooling medium line to convey cooling medium into the roll via the interior of the 
shaft; the cooling medium line comprising an inlet or outlet communicating with an 
elbow portion, a first length of the elbow portion extending from the inlet or outlet 
substantially perpendicular to the axis of the shaft and a second length of the elbow 
portion extending from the first length in the direction of the axis of the shaft, the axes 
of the first and second lengths being in substantially the same plane. 

An arrangement according to claim 1 , wherein the cooling medium line comprises an 
inlet. 

An arrangement according to claim 1 including: 

: r c-i k . 

(i) a first cooling medium line to ; convey cooling medium into the roll via the 
interior of the shaft, the first cooling medium line comprising an inlet 
communicating with a first elbow portion, a first length of the first elbow 
portion extending from the inlet substantially perpendicular to the axis of the 
shaft and a second length of the first elbow portion extending from the first 
length in the direction of the axis of the shaft, the axes of the first and second 
lengths being in substantially the same plane; and 

(ii) a second cooling medium line to convey cooling medium out of the roll via the 
interior of the shaft, the second cooling medium line comprising an outlet 
communicating with a second elbow portion, a first length of the second elbow 
portion extending from the outiet substantially perpendicular to the axis of the 
shaft and a second length of the second elbow portion extending from the first 
length in the direction of the axis^of the shaft, the axes of the first and second 
lengths being in substantially the same plane. 
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4. An arrangement according to any preceding claim, wherein the internal wall of the 
elbow portion has a bend radius between the first length and the second length. 

5 . An arrangement according to any preceding claim, wherein the elbow portion includes 
mounting means for mounting the elbow'portion to the shaft. 

• ».»■'.- 

6. An arrangement according to claim 5, wherein the mounting means is an annular 
flange provided on the external surface of the first length of the elbow portion, the 
annular flange being adjacent the external wall of the shaft. 

7. An arrangement according to any preceding claim, wherein the first length of the 
elbow portion is provided with external connection means and/or internal connection 
means for connecting a pipe for conveying cooling medium. 

8. An arrangement according to claim 7, wherein the first length is provided with both 
external and internal connection means. 

9. An arrangement according to claim 7 or 8, wherein the connection means comprises 
a threaded connection that engages a correspondingly threaded pipe connector. 

10. An arrangement according to any preceding claim, wherein the second length of the 
elbow portion is provided with external connection means and/or internal connection 
means for connecting a conduit that conveys cooling medium. 

11. An arrangement according to claim 10, wherein the second length is provided with 
both internal and external connection means so that two different radial sizes of 
conduit can be connected to the elbow. portion. 

12. An arrangement according to claim 1 0 or 1 1 , wherein the connection means comprises 
one or more elongate ridges in the direction of the axis of the shaft on the internal 
and/or external surface of the second length of the elbow portion. 
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13. An arrangement according to any preceding claim, wherein the cooling medium line 
is substantially cylindrical. 

14. An arrangement according to any preceding claim, wherein the distal end of the shaft 
is sealed. 

15. An arrangement according to any preceding claim, wherein the proximal end of the 
shaft has an annular flange against which the housing abuts. 

16. An arrangement according to claim 15, wherein a spacer is provided between the 
housing and the annular flange of the shaft so that the positioning of the housing on 
the shaft can be adjusted. 

17. An arrangement according to any preceding claim including a delivery flow path that 
delivers cooling medium into the roll via the interior of the shaft and a return flow path 
for outflow of cooling medium via the interior of the shaft. 

18. An arrangement according to claim 1 7, wherein the delivery flow path comprises an 
inlet communicating with the elbow portion and a conduit connected to the second 
length of the elbow portion that delivers cooling medium into the roll, whereby at least 
part of the conduit is positioned in the interior of the hollow shaft along the axis of the 
shaft; and the return flow path conveys cooling medium between the outer surface of 
the conduit and the internal wall of the shaft to an outlet. 

1 9. An arrangement according to claim 18, wherein the conduit is substantially cylindrical. 

20. An arrangement according to claim 18, or 19, including a channel in the shaft 
communicating with the outlet, a first length of the channel extending from the outlet 
substantially perpendicular to the axis of the shaft and a second length of the channel 
extending from the first length in the direction of the axis of the shaft, the axes of the 
first and seconds lengths of the channel being in substantially the same plane. 
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21 . An arrangement according to claim 20, wherein the internal wall of the hollow shaft 
tapers towards the second length of the channel. 

22. An arrangement according to claim 20 or 21, wherein the walls of the channel are 
substantially rounded. 

23. An arrangement according to any of claims 20 to 22, wherein the first length of the 
channel is internally threaded for engagement of a pipe connector. 

24. An arrangement according to any preceding claim, wherein the shaft is provided with 
pressure release means for releasing internal pressure in the shaft when the internal 
pressure substantially exceeds a threshold pressure level. 

25. An arrangement according to claim 24, wherein the pressure release means is 
provided by a portion of the shaft having a thinner wall than the wall of remainder of 
the shaft, the thinner walled portion being arranged to rupture when the internal 
pressure exceeds a threshold pressure level. 

26. An arrangement according to claim 25, wherein the thinner walled portion of the shaft 
is provided by a bore in the wall of the shaft. 

27. An arrangement for cooling a roll, the arrangement comprising a housing to be secured 
to the roll, a hollow shaft mounted for rotational movement within the housing and a 
cooling medium line to convey cooling medium into the roll via the interior of the 
shaft, wherein the shaft is provided with pressure release means for releasing internal 
pressure in the shaft when the internal pressure substantially exceeds a threshold 
pressure level. . 

28. An arrangement according to claim 27, wherein the pressure release means is 
provided by a portion of the shaft having a thinner wall than the wall of remainder of 
the shaft, the thinner walled portion being arranged to rupture when the internal 
pressure exceeds a threshold pressure level. 
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29. An arrangement according to claim 28, wherein the thinner walled portion of the shaft 
is provided by a bore in the wall of the shaft. 
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